Magnetic targeted drugs delivery system (MTDDS) is a new targeted drug system, which can greatly reduce the dosage and improve the therapeutic efficiency of medicine. Currently superparamagnetic ferric oxide plays important function as targeted drug in the treatment of tumors, but cytotoxicity was still regarded as side effect in the process of drug. In this paper, we take advantage of drug carrier (ferric oxide) toxicity controlling cancer cell growth in cancer treatment, increasing targeted drug efficiency. We applied the modified chemical precipitation method to prepare polylactic acid (PLA) coated high-purity superparamagnetic Fe 3 O 4 nanoparticles for targeted drug, characterized PLA/Fe 3 O 4 microspheres physical and chemical properties, and then investigated cytotoxicity influence of PLA/Fe 3 O 4 nanomagnetic microspheres as carrier for normal liver cells (7701) and liver cancer cells (HePG2) in different concentration; results of MTT and hemolysis and micronucleus test showed that carrier restrained the growth of HePG2 in special concentration, meanwhile the proliferation rate of liver cells was not affected. The study demonstrates that compared with liver cell, liver cancer cells (HepG2) are easy to be disturbed by PLA/Fe 3 O 4 nanomagnetic microsphere, which have higher sensitivity and absorption ability. We hope to take advantage of the susceptible property of cancer cells for carriers to improve targeted drug function.
Introduction
Currently magnetic nanoparticles play important function as targeted drug in the treatment of tumors, which easily control the site of drug delivering. The drug can aggregate in lesion site for inhibiting and eliminating tumor growth, besides reducing the dosage of no lesion and thus lowering the side effect of drug on normal tissue [1] [2] [3] . Among them, superparamagnetic ferric oxide (Fe 3 O 4 , -Fe 2 O 3 , and CO-Fe 2 O 4 ) received special attention, in part due to their magnetic properties, crystal structure, chemical stability, and decreased toxicity (LD50 2000 mg/kg, far higher than the dosage of clinical application). In order to further enhance targeted drug capacity of nanomagnetic particles [4, 5] , scientists carry out study from three aspects: (1) selecting appropriate polymer as membrane coating particles, which help to increase dispersion and biocompatibility of microsphere; (2) modifying the surface, as nanoparticles may bond with kinds of functional group (-OH, -COOH, -NH 2 , -CHO, etc.) on the surface of material, which are beneficial for connecting important bioactive substance (such as enzyme, cell, and drug) by adsorption or covalent bonding way; (3) improving particles superparamagnetic properties by adjusting diameter of microsphere, thickness of polymer membrane, and so on, which easily lead to targeted drug separation and tropism under magnetic field.
Preparation way of Fe 3 O 4 nanomagnetic particles usually includes chemical precipitation, oxidation, and pyrolysis method, in which chemical precipitation method is the frequently used method for preparing Fe 3 O 4 nanomagnetic particles. Polyester (polycaprolactone, polylactide) is widely used functional biomaterial with good biocompatibility and biodegradability, which often acts as membrane coating on the surface of magnetic particles. Magnetic microspheres coated by polyester have the very good application prospect in biological medicine. Utkan et al. [6] adsorbed glycolic acid on the surface of n-Fe 3 O 4 by electrostatic effect and catalyzed CL graft reacting with the terminal hydroxyl through Sn(oct) 2 , and magnetic component content was about 10-40% in the magnetic polymer microspheres. In the DMSO solution, PCL has the upper critical solution temperature (UCST) at 35 ∘ C, and the PCL lattice should be destroyed if above the temperature, meanwhile changing solubility, permeability, and other properties. 35
∘ C is close to the temperature of the human body and therefore has a potential application in controlled drug release. In addition, Ni and Ramanujan [7] used similar way that initiated lactide (LA) reaction. In these experiments, researchers usually pay more attention to toxicity effect of drug delivering, releasing process on the cell or tissue in lesion, and biocompatibility of drug carriers. Today there are more researches on polyethylene glycol (PEG), polylactic acid (PLA), and/or poly--caprolactone (PCL) for coating nanoparticles in the internal and external environment [8] [9] [10] [11] [12] [13] [14] [15] [16] . The toxicity reduction in human fibroblast cell was reported with superparamagnetic particles coated with pullulan in human skin fibroblast [17] . But few people take notice that carrier materials have certain potential of toxicity effect for cancer cell growth in targeted drug. In this study, at first we prepared Fe 3 O 4 magnetic nanoparticle coated by PLA and then characterized structure, morphology, and biocompatibility of PLA/Fe 3 O 4 microsphere; lastly it was investigated whether or not PLA/Fe 3 O 4 nanomagnetic microspheres as carrier cause cytotoxicity for growth of normal liver cells and liver cancer cells. This paper focused on toxicity effect of drug carrier to cancer cell proliferation for increasing targeted drug efficiency. 
Materials and Methods
was purchased from Sigma (St Louis, MO). The cell experiment was completed in the Nanotechnology Central of Sichuan University.
In order to study PLA/Fe 3 O 4 nanomagnetic microsphere biocompatibility and cytotoxicity, we applied MTT assays in vitro to investigate proliferation of samples. First, the 7701 cell and HepG2 cell concentration were adjusted to 1 × 10 5 /mL and inoculated on a 96-well culture plate at 100 L/well. The samples were cultured in the culture box at 37 ∘ C under saturated humidity and 5% CO 2 condition. The supernatant was discarded after 24 hours, and then the culture solution was added; besides primary concentration of PLA/Fe 3 O 4 nanomagnetic particle solution was diluted up to 2, 5, 10, 15, 20 times. 7701 cell and HepG2 cell were cultured in the magnetic field. The DMEM group was used as the negative control, and a 0.7% polyacrylamide monomer solution was used as the positive control. Each sample group comprising nine wells was cultured for 72 hours, and 20 L of MTT was then added to each well and vibrated for 10 minutes. The absorbance value was measured at 493 nm using an immunoenzyme labeler. The relative cell activity rate was calculated as follows: relative growth rate % = OD (optical density) absorbance data of sample/OD absorbance data of negative control × 100%. The relative growth rate value was converted into six levels, as indicated in Tables 1 and 2 . Levels 0-1 are acceptable, whereas level 2 should be assessed comprehensively considering cell morphology, and levels 3-5 are unacceptable.
Hemolysis test: a 10 mL blood sample was taken from a New Zealand rabbit (male, 2.1 kg), and 0.5 mL of 20 g/L potassium oxalate was added to sample. Fresh rabbit blood was diluted (dilution ratio 8 mL blood to 10 mL normal saline). n-Fe 3 O 4 microspheres were washed twice with distilled water, dried, and suspended using normal saline (final concentration 0.1 g/mL). Normal saline was used as the negative control and distilled water as the positive control. Each group consisted of three test tubes. There was a suspension of the materials to be tested, and 10 mL normal saline and 10 mL distilled water were added to each tube, which was then placed in a 37 ∘ C water bath for 30 minutes. Diluted fresh rabbit blood (0.2 mL) was added to each tube, which was replaced to the 37 ∘ C water bath for 60 minutes. Then each tube was centrifuged in a dry centrifuge trunnion for 5 minutes at 2500 rpm; the supernatant was then removed and OD values were measured with a spectrophotometer. Absorbance values of each group were measured at 545 nm in hemolytic test. The hemolysis rate (%) = (OD absorbance data of sample − OD absorbance data of negative control)/(OD absorbance data of positive control − OD absorbance data of negative control) × 100%. If the hemolytic rate is less than 5%, the material will have no hemolytic effect and conform to the requirements of the hemolytic test for biomaterials.
Micronucleus assay: 60 Kunming mice were divided into six groups; each group includes ten mice, aged 4 weeks and weighing 20-22 g, (half male and half female). Injecting PLA/Fe 3 O 4 suspension into mice abdomen, the dosage groups were 5, 2.5, 1.25, and 0.625 mg/kg. The positive control group used cyclophosphamide (40 mg/kg) for abdominal injection and the negative control group used normal saline for abdominal injection. The 30-hour injection method was applied: a 24-hour interval between two injections, then a 6-hour waits after the second injection, after which time the mice were killed by cervical vertebra dislocation. Narrow smear of the femur was treated by methanol for 5 min and then observed after Giemsa straining. The micronucleus test includes counting micronucleus number in each of the 1000 polychromatic erythrocytes of mouse, calculating the microcontaining rate of cells. The result was expressed (%) and significant difference checked among the groups based on Poisson distribution method. crystal size, about 40 nm. The intensity of the diffraction peak of (311) plane is stronger than the other peaks. The polymer coated magnetic nanoparticle shows similar XRD peaks, without any peak shift when compared to pure Fe 3 O 4 nanoparticle. The characteristic peaks of PLA are about 17.8 ∘ , and polymer membrane coated particles' surface, whose factors disturb high degree of crystalline and sharpness of peaks. another peak at 1759 cm −1 corresponds to the C=O stretching vibration, maybe due to the LA molecule coating the surface of the Fe 3 O 4 nanoparticles, so it further confirms the modification of the surface on magnetite nanoparticles by hydrophilic molecules, which facilitate the anisotropic crystal growth. The broad peak at 3400-3450 cm −1 belongs to the O-H stretching vibration of hydroxyl groups. The slight shifts in the Fe-O bond are in the range 480-590 cm −1 for amine and polymer coated magnetic nanoparticles, and it may be due to the hexamine or the polymers coating the nanoparticles, which can enhance stabilization through some physical interaction on the surface of Fe 3 O 4 [21] . These results confirm the successful wrapping hexamine and the polymers on the surface of the Fe 3 O 4 nanoparticles. Figures 3 and 4 nanomagnetic particles is about 40-50 nm, and statistics were gathered from more than one hundred particles, which are consistent with calculation result of the Scherrer formula based on the characteristic peak of XRD, mentioned above.
Results and Discussion

FTIR Analysis.
TEM/SEM Observation.
The SEM image of PLA coated Fe 3 O 4 magnetic nanoparticles: Figure 4 shows that the monodispersed spherical nanoparticles are around 400-500 nm in size. Microsphere size controlling is key elements of targeted drug. Reducing particle size can improve the dispersed stability of the microspheres but affects magnetic strength and targeting ability to transport. Furthermore, increasing size of microspheres can help to form embolism near the tumor vascular and reduce nutrient supplying tumors. In this experiment, size of Fe 3 O 4 magnetic microspheres ranges from 400 to 500 nm, and each microsphere consists of many small Fe 3 O 4 crystals. The aim of loading drug and gene, polylactic acid (PLA) coating Fe 3 O 4 with oleic acid (PEI), can be realized to modify and enhance the loading ability of magnetic microsphere for drug to improve the transportation efficiency [22] .
Some researchers applied coprecipitation method to prepare microsphere. Preparation of Fe 3 O 4 , precipitation of polymer, and coating nanoparticles are in the same environment. Polymer can be used to reduce aggregation and improve dispersibility of particles by changing the intrinsic properties of magnetic nanoparticles such as size, surface charge, and reactivity. The growth of nanocrystal can be controlled by the interface with organic components or polymer in one-step synthesis. In some experiments, researchers need to modify surface of nanoparticles with several organic and inorganic components before connecting with polymer; they usually divide synthesis into several steps, which are favorable to control reaction condition.
We investigated cytotoxicity influence of PLA/Fe 3 O 4 nanomagnetic microspheres as carrier, hoping to decrease influence of other organic and inorganic components as possible. In one-step method, Fe 2 O 3 particles, surfactant, and organic components can be introduced in microsphere together, making it difficult for separation and disturbing result of cytotoxicity test. On the contrary, two-step method can easily control precipitating of n-Fe 3 O 4 , crystal growth, modification, washing, and drying process.
Besides hexamine was added in the process of preparing Fe 3 O 4 nanoparticles. Adding surfactant is to reduce the surface energy and enhance the formation of monodispersed spherically shaped nanoparticles, which can control the growth of spherical Fe 3 O 4 . Hexamine contains one or more functional group such as amide, hydroxyl, and carboxyl groups, which can act as the reaction site to enhance the reaction rate and fine orientation on the surface of Fe 3 O 4 . The kinetics of crystal growth leads to the uniform distribution of agglomeration free nanoparticles. When the particles exceed their critical size, the hexamine molecules act not only as shape controlling agents but also as stabilizing agents to control the growth of the magnetic nanoparticles. Tables 1 and 2 show result of MTT of PLA/Fe 3 O 4 microspheres for 7701 cell and HePG2 cell. Table 1 indicates that cytotoxicity of PLA/Fe 3 O 4 microsphere has no effect on growth of normal liver cell at low concentration; Table 2 shows that toxicity grade of PLA/Fe 3 O 4 microsphere ranges from 1 to 2, as mentioned above, and at the level of 2, survival and proliferation of cell not only consider toxicity grade, but also assess cell's morphology comprehensively, which means that growth of HepG2 is easy to be disturbed by PLA/Fe 3 O 4 nanomagnetic microsphere at special concentration. We investigated relationship between the different concentration of PLA/Fe 3 O 4 magnetic nanoparticles and inhibition rate for liver cancer cell HepG2 (see Figure 5 ). PLA/Fe 3 O 4 nanomagnetic microspheres used as drug carrier have no obvious toxicity to normal liver cells but inhibited liver cancer cells proliferation, which can help targeted drugs to treat cancer and increases the efficacy of the drugs.
Toxicity and Biocompatibility Study In
Hemolysis Test.
The hemolytic test is considered to be a supplementary test for assessment of cytotoxicity. It is used to evaluate if erythrocytes should dissolve and release hemoglobin after direct contact of the biomaterial with blood. It can be a sensitive measure of the biomaterial influence on erythrocytes and plays an important role in evaluation of biological safety. According to Table 3 , introduced data of in vitro hemolysis test into the formula of hemolysis [7] , result showed that hemolytic data of PLA/Fe 3 O 4 nanomagnetic microsphere was 0.62%, far less than the standard (5%), and showed no hemolysis response, and the requirements of the hemolytic test were met in biomaterials.
Micronucleus Test.
The micronucleus test is a strategy to rapidly assess chromosomal damage and interference with mitosis caused by biomaterials. See Table 4 ; the test found no significant difference for micronucleus formation of the mice in bone marrow between the material and the negative control group. However, a significant difference for data of the positive control group was noted. Based on these data, the experimental material does not induce deformations or mutations.
Discussion.
Magnetic targeted drugs delivery system (MTDDS) is a new targeted drug system in recent years, which have the immense potential to treat some diseases, especially malignant tumors and other major diseases. MTDDS method can reduce the dosage and side effects and improve the therapeutic efficiency of medicine. Usually magnetic targeted drug delivery system consists of magnetic polymer microspheres and drug, and drug combines with microspheres by physical adsorption, entrapment, and chemical bonding methods. Most of drug loading microspheres play function through arterial injection, and then microspheres were placed and aggregated in lesion position under effect of the magnetic field, take advantage of embolism effect, and release drug, thereby achieving the purpose of treatment. Thus MTDDS can greatly reduce the dosage and side effects in the treatment of disease and improve the therapeutic efficiency. In 1960, Freeman first reported that the crystal (5-100 nm) of iron was introduced into the vascular system and iron accumulated in special part of the body under controlled external magnetic field. Turcu and colleagues [23] prepared magnetic polymethyl methacrylate microspheres containing indomethacin, intravenously injected, and employed magnetic field in the rat tail for 60 min; drug concentration in the rat tail was 60 times higher than that of control group. In recent years, magnetic polymer microspheres as drug carrier for liver cancer therapy attracted scientist's attention [24, 25] . Lbbe and colleagues first applied magnetic polymer microsphere in clinical trials, they used magnetic microspheres (100 nm) containing epirubicin treating 14 patients with advanced stage hepatoma, and results showed that the method of cure reduces the side effect of drugs greatly and, at the same time, realized aggregation of microspheres in targeted area under the magnetic field. However the MRI showed that part of microspheres were detained in the lungs. There are still some problems for Fe 3 O 4 magnetic microsphere as carrier being used in the targeted drug field, especially cytotoxicity. Many studies have demonstrated toxicity of Fe 3 O 4 nanoparticles in biological systems. Currently it is not clear whether Fe 3 O 4 alone or combination of other harmful agents (polymer membrane and functional group) causes the danger. Some scientists deduced the phenomenon to the ferric oxide nanoparticle releasing active oxygen and causing oxidative stress and inflammation by the RES (reticuloendothelial system).
So researchers focus on drug release; lowering or eliminating toxicity of targeted drug often follows three elements: (1) the skeleton material in the body can be metabolism and metabolites ought to have no toxicity and be excreted in a certain period; (2) diameter of nonbiodegradable particles (Fe 3 O 4 ) contained in microspheres has to be less than 20 m [26] ; (3) magnetic polymer microspheres should have strong magnetic response potential and high surface area. But they often ignored the value for toxicity of drug carrier. This study investigated influence of carrier toxicity for proliferation of liver cells 7701 and liver cancer cell HepG2 at different concentrations. MTT results showed that carrier restrained the growth of HePG2 in special concentration. Meanwhile, the proliferation rate of liver cells was right. We attributed this result to two factors: (1) liver cancer cells have high sensitivity. Compared with liver cell, HepG2 is easy to be disturbed by PLA/Fe 3 O 4 nanomagnetic fluid toxicity, so the growth of HepG2 is inhibited; (2) absorption ability of cancer cell is stronger than normal cells if cocultured with PLA/Fe 3 O 4 nanomagnetic solution. So we can take advantage of drug carrier toxicity controlling cancer cell growth in cancer treatment.
In the paper, Fe 3 O 4 nanoparticles are modified with oleic acid, its surface bond with oleic acid chains, and hydroxyl group, so it is amphipathy. If n-Fe 3 O 4 were placed in the PLA solution environment, amphipathy of Fe 3 O 4 nanoparticles tends to be self-assembled by bonding with carboxyl group and hydroxyl groups on the surface of Fe 3 O 4 nanoparticles; surface charge of PLA/Fe 3 O 4 microspheres can affect the dispersion, magnetic strength, and size of microspheres in solvents.
Conclusions
In the study, we successfully prepared PLA/Fe 3 O 4 nanomagnetic microsphere. Biocompatibility was evaluated by a series test in vivo and in vitro, MTT experiments showed that the toxicity of the material in normal liver cell was between Grade 0 and Grade 1, Fe 3 O 4 nanomagnetic microsphere inhibited liver cancer cell proliferation, the material lacked hemolysis activity, and micronucleus testing showed no genotoxic effects. Test demonstrated that the Fe 3 O 4 nanoparticle had no effect on the main organs and blood biochemistry in mice, its performance conforms to clinical requirements, and its biocompatibility conforms to the standard for medical material. We investigated toxicity effect of drug carrier for different cells. As liver cancer cells are susceptible to PLA/Fe 3 O 4 nanomagnetic fluid toxicity, PLA/Fe 3 O 4 carrier has certain potential to restrain liver cancer cells growth. So applying PLA/Fe 3 O 4 nanomagnetic microsphere as drug carrier not only has good targeting capacity, but also helps to control cancer cell growth by toxicity effect of carrier and enhance targeted drug efficiency.
